Abstract. Lack of resources for characterization and the indiscriminate crossbreeding of cattle in Africa have led to the loss of some breeds. This study was aimed at screening for polymorphic primers for cattle breed identification in Zimbabwe. The Nguni and other local breeds have suffered genetic losses due to indiscriminate crossbreeding. Genetic characterization and semen cryopreservation are important in conservation and breeding programs. Genomic DNA was extracted from whole blood using a DNA extraction kit and was amplified using RAPD-PCR. A total of 8 primers was screened and five (OPX-15, OPB-04, 0PG-07, OPG-12 and OPD-02) were polymorphic and three (OPD-01, OPB-05 and OPB-09) were monomorphic, as revealed by agarose gel electrophoresis. RAPD-PCR was found to be effective in detecting the polymorphisms within the bovine species. The polymorphic primers can be used to determine genotype variations in crossbred animals to determine genotype variations in different breeds.
Introduction
Various types of indigenous cattle are found in Zimbabwe. The Tuli and Mashona are the main indigenous breeds and some of the exotic breeds include: the Brahman, Hereford and Sussex [1] . There has been indiscriminate cattle breeding in Zimbabwe since 2000 due to random movements of cattle from different farms. Indiscriminate breeding can affect reproductive performances in bulls by causing semen quality variations. Therefore, it is important to screen Randomly Amplified Polymorphic Deoxyribonucleic acid (RAPD) primers so as to identify polymorphic ones that can be used ascertain the genotypes in the cattle. Indiscriminate crossbreeding has led to the extinction [2] , of for instance, the Nguni cattle breed [1] and the emergence of non-descript breeds.
Molecular markers are unaffected by selection forces and are therefore suitable for characterizing closely related genotypes [3] . Screening of molecular markers gives a reliable basis for predicting similarities or differences [4] in cattle. For effective breeding programmes and conservation to be carried out, it is very crucial to screen RAPD primers so as to ascertain the genotypes in the cattle. Closely related genotypes can effectively be distinguished using molecular markers based upon deoxyribonucleic acid (DNA) sequence variations. The polymerase chain reaction (PCR) technique has introduced the use of amplified DNA sequences as molecular markers, by using very little template DNA [5, 6] .
Morphological and phenotypic traits, for example, the chest-humped and long-horn cattle have been used in traditional diversity assessment. Phenotypic descriptors poorly characterize closely related genotypes and are also affected by environmental factors [3] . Therefore, screening of RAPD markers is crucial for testing genotype identity.
Classification by use of molecular markers reliably gives unbiased estimates of the overall similarities and/or differences between breeds [4] . PCR, which was developed by Kary Mullis in the 1980s, is a three step process involving denaturation, annealing and extension [7] . During Random Amplified Polymorphic Deoxyribonucleic acid-Polymerase Chain Reaction (RAPD-PCR) annealing, a random primer of arbitrary sequence will bind on particular complementary priming sites of the template genomic DNA, thereby producing amplicons if the priming sites are in an amplifiable distance with each other [2, 8] . The RAPD analysis method was developed by Williams et al. [9] and, in the process, short oligonucleotide primers will amplify a range of fragments from a template DNA in PCR reactions that have a lowered annealing temperature [10] . The RAPD PCR is a method of identifying polymorphisms for genetic mapping and strain identification. It is a preferred method because it is (a) less expensive than other previous methods such as protein markers that have been used to determine genetic variations, (b) faster and (c) it does not require prior sequence information. The ability of RAPDs to survey multiple loci has been used to analyse genetic distance as well as phylogeny reconstruction. RAPDs are a strong tool in the DNA fingerprint analysis of different animal species, population analyses, gene mapping and identification of breeds [7, 11, 12] .
The knowledge of genetic variation is required for characterization of breeds so that effective breeding programs within and between populations can be done [13] . The RAPD technique has been successfully used in characterizing bovine populations [2, 14, 15] . Other studies which have used RAPD markers include: those carried out for the Japanese black cattle (Wagyu), Zebu cattle, German native cattle as well as for the Korean native cattle [16] . According to [17] , RAPD markers have also been an important tool in linkage analysis of poultry. In this study, RAPD primers have been screened so as to identify polymorphic primers for Zimbabwean cattle breeds. This information is relevant for the development of conservation and breeding program for Zimbabwe. Therefore, it is of utmost importance to identify RAPD primers that can be used to ascertain the genotypes in the cattle.
Materials and methods

Blood collection
Blood was collected from 11 cows using a syringe and 18G needle after sterilizing the area with 70% ethanol. The blood was quickly transferred into ethylenediaminetetraacetic acid (EDTA) blood tubes and inverted 5 times, gently to avoid clotting. The blood tubes were then kept in a cooler box on ice and transported to the laboratory within 30 minutes, where blood was stored in a freezer at -20
• C.
DNA extraction
Blood was thawed at room temperature and DNA was extracted from the blood using the ZR Genomic DNA TM -Tissue MiniPrep (D3050 and D3051) kit. Blood samples (100 l) were pipetted into a microcentrifuge tube before adding 2X Digestion buffer (95 l) and Proteinase K (5 l). The solution was mixed and the tubes incubated in a water bath (Sigma Techware) at 55
• C for 20 minutes. Genomic Lysis Buffer (700 l) was added to the tube and mixed thoroughly by vortexing. The mixture was transferred to a Zymo-Spin TM IIC Column in a collection tube and centrifuged at 10000 g for one minute using an eppendorf 5415D centrifuge. In a new collection tube, DNA Pre-Wash Buffer (200 l) was added to the spin column and centrifuged for a minute, after which g-DNA Wash Buffer (400 l) was added and centrifuged for one minute at 10000 g. The spin column was transferred to a clean microcentrifuge tube. DNA Elution Buffer (≥50 l) was added to the spin column and incubated for 2-5 minutes at room temperature, then centrifuged at 12 000 × g for 30 seconds to elute the DNA. The eluted DNA was then amplified using a thermocycler (2720 Applied Biosystems).
RAPD-PCR reaction
RAPD-PCR was performed in a 2720 Applied Biosystems thermocycler. Each reaction was in a final volume of 25 l, containing 1X PCR buffer (2.5 l), 25 mM MgCl 2 (1.5 l), 2.5 mMdNTP mix (2.0 l), 10 M primer (1 l), template DNA (1 l) and 5 units of Taq DNA Polymerase (0.5 l).
Amplification of DNA proceeded with initial denaturation at 91
• C for 4 minutes, 38 cycles of denaturation at 91
• C for 1 minute, annealing at 42
• C for 15 seconds, and extension at 72
• C for 70 seconds followed by an additional extension at 72
• C for 5 minutes. The amplification products were separated by electrophoresis on 1.5% agarose gels in 1X Tris base, acetic acid and EDTA (TAE) buffer in the presence of ethidium bromide for 45 minutes at 150 V.
Gel electrophoresis
Agarose gel (1.5%) was made by dissolving (3.0 g of agarose powder dissolved in 200 ml TAE buffer (1X)). A heated magnetic stirrer was used to stir the gel in a conical flask covered with aluminium foil until it had completely dissolved. When the gel was still hot, 6 l of ethidium bromide (10 mg/ml) was added and mixed with the agarose solution to give a homogeneous solution. The solution was left to cool until the conical flask could be held in the hands then poured into the gel box (Galileo Biosystems). After the gel had solidified, it was suspended in 1X TAE buffer. The RAPD-PCR product (25 l) was mixed with 5 l loading dye (6X Orange DNA loading Dye) to make 30 l, then 15 l was loaded into the wells. A volume of 10 l Hind III marker was loaded into the first well. Distilled water (12 l) was loaded into the last well as a control. Gel electrophoresis was carried out for approximately 45 minutes at 150 V until the dyes had trisected the gel. Visualization of the bands was carried out using a UV transilluminator and the results were photographed using a Kodak Edas 290 digital camera.
Results
RAPD-PCR was carried out with 8 primers, OPD-01, OPD-02, OPB-04, OPB-05, 0PG-07, OPB-09, OPG-12 and OPX-15. Of the 8 primers, five primers (OPX-15, OPB-04, 0PG-07, OPG-12 and OPD-02) were polymorphic and three (OPD-01, OPB-05 and OPB-09) were monomorphic. Table 1 below shows the average number and size of bands obtained from the different random primers.
Primers 0PG-07 and OPX-15 showed higher degree of polymorphism than primers OPB-04, OPG-12 and OPD-02. A distinct band of about 2322 bp was amplified with the primer OPB-04. Apart from the distinct band, OPB-04 also showed another band size, which was present in lanes 2, 6 and 8. Of the 5 different banding patterns, lanes 1, 9 and 11 showed similar bands, lanes 3 and 7 also had similar bands, as did lanes 2 and 4. Lanes 5 and 6 showed banding patterns that were unique to all others. The 125 bp band sizes were common to the different breeds present, showing that some of the animals were crossbreeds and that they were related. Figure 1a and 1b below show the gel pictures of the polymorphic and the monomorphic primers respectively. 
Discussion
Conventional methods, such as protein markers, of genotypic characterization of cattle have proven to be complex, time consuming and difficult to interpret their results, as compared to molecular genomic analysis such as RAPD-PCR [18] . Molecular DNA polymorphisms are preferred for the assessment of genetic diversity among livestock breeds [19] . The results show polymorphic primers (Fig. 1a) OPX-15, OPB-04, 0PG-07, OPG-12 and OPD-02 as the suitable primers to differentiate between cattle breeds or confirm the genotypes in crossbred animals. RAPD-PCR has several advantages which make it the molecular technique of choice in African countries.
The process is cost effective, reliable and efficient. It does not require prior knowledge of the DNA under analysis and it only uses small amounts of genomic DNA. When selecting the most suitable primers for use in RAPD analysis it is best to select primers with ten nucleotides and a G-C content of at least 50% because primers having a high A-T content may cause melting of the DNA-primer complex during polymerization at 72
• C [16] . While screening the 8 primers, primers OPX-15, OPB-04, 0PG-07, OPG-12 and OPD-02 showed polymorphisms, indicating possible differences between the different cattle breeds or specificity for certain genotypes. This means that when these primers are run against control samples, genotypic differences become apparent in cross bred animals. The monomorphic primers, OPD-01, OPB-09 and OPB-05 did not show any polymorphisms, thus cannot be used to characterize genotypic differences between breeds used in this study.
Primer OPD-01 has been shown to produce polymorphic bands by [20] in their study on Yunnan cattle breeds. Interestingly, the primer produced monomorphic bands in this study. This may have been due to the genotypic differences in the breeds present in this study. The phenotypic characteristics of the breeds used in the study indicate that the animals may be crossbreeds of Tuli and Brahman, Tuli and Mashona or Brahman and Mashona. The polymorphisms shown with the primer OPB-04 reveal that 3 types of the available breeds were differentiated. Another band size, of 125 bp was common to all the breeds. This shows that the breeds are related or that this band size is specific for these cattle.
The polymorphisms of OPD-02 show the presence of 2 different breeds. Primer 0PG-07 showed 5 different banding patterns. This reveals the presence of 5 different breeds or genotypes. Primer 0PG-07 produced a total number of 8 polymorphic bands with a size range of 400-1475 bp in a study done on Rathi and Thaparkar Indigenous Cattle (Bos Indicus) cattle breeds by Sharma et al. [21] . Likewise, primer OPG-07 can effectively be used to characterize different cattle breeds based on genotypic differences present as shown in this study. breeds, they had genetic material from a common ancestor. Despite the remarkable polymorphisms obtained with OPX-15, some lanes could not show even a single band. This may have been due to non-specific binding during RAPD-PCR, or maybe the template DNA of the breeds present did not have the priming sites for OPX-15. This study gives baseline information on the type of primers that can be used for genetic variability analysis of Tuli, Mashona, Brahman and possibly Nguni cattle breeds in Zimbabwe.
Conclusions
RAPD-PCR proved to be effective in detecting the polymorphisms within the bovine species. Primers (OPD-02, OPB-04, OPG-07, OPX-15, and OPG-12) showed polymorphisms and can therefore determine genotype variations in crossbred animals whereas primers (OPD-01, OPB-05 and OPB-09) were monomorphic and cannot determine genotype variations. Primer OPD-01 shown to be polymorphic for Yunnan breeds was monomorphic in this study. Polymorphic primers revealed relatedness of some of the available breeds. Primers OPG-07 and OPX-15 showed higher degree of polymorphism than primers OPB-04, OPG-12 and OPD-02 therefore primers OPG-07 and OPX-15 can effectively characterize different cattle breeds.
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